Two novel retro-inverso analogues of a conformationally restricted carbocyclic muramyl dipeptide (MDP) derivative N-(2-methyl-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carbonyl)-L-alanyl-D-isoglutamine were prepared and tested in a immunorestoration test in mice. Both retro-inverso MDP analogues did not enhance non-specific resistance to experimental fungal infection in immunosuppressed animals, suggesting that the intact amide bond is essential for the immunorestorating activity in this type of rigidified carbocyclic MDP analogues.
Introduction
Muramyl dipeptide (1) (MDP) was identified in 1974 as the minimal immunologically active component of bacterial cell wall peptidoglycan. 1 Numerous derivatives of this natural lead were designed and synthesized with the aim of obtaining molecules with improved and more defined immunological profiles. [2] [3] [4] Recently we have shown that replacement of the polyhydroxy substituted pyranose ring of D-glucosamine in MDP by a
Results and Discussion
Starting from commercially available benzyl methyl malonate 4a (R = H) and 4b (R = CH 3 ) prepared by methylation of 4a, alkylation with methyl 3-bromopropionate in the presence of sodium hydride and subsequent hydrogenolysis afforded carboxylic acids 6a
and 6b. The intermediary esters 5a and 5b were purified by a high-vacuum distillation to avoid decarboxylation. Coupling of carboxylic esters 6 with D-alanine benzyl ester 10 in the presence of diphenylphosphoryl azide (DPPA) [11] [12] [13] followed by hydrogenolytical removal of the benzyl group gave intermediates 8a and 8b which were converted to acyl azides 9a,b. These acyl azides were then subjected to Curtius rearrangement in the presence of benzyl alcohol. The rearrangement of acyl azide to isocyanate could be very successfully followed by IR spectroscopy as a gradual disappearing of the azide absorption band at ca. 2150 cm -1 and appearance of the isocyanate band at ca. 2250 cm -1 .
The yields of carbamates 10a,b were generally low due to a well-known side product formation during addition of alcohols to isocyanates. 14 
Deprotection of carbamates 10a,b
by hydrogenolysis afforded the gem-diamine derivatives 11a and 11b which were coupled immediately with pure enantiomers of 2-methyl-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-carboxylic acid (12) prepared by us previously 15 to give 3a and 3b in the form of diastereomeric mixtures each containing four diastereomers as evidenced by proton NMR spectra, indicating racemization at C-2 of the morpholinone ring during the coupling reaction. Racemization at C-2 could be deduced from identical 1 H-NMR spectra of 3a obtained either from (R)-12 or (S)-12; similarly, also 1 H-NMR spectra of 3b obtained either from (R)-12 or (S)-12 were identical and displayed the presence of 4 diastereomers. If racemization had occured at the gem-diamine carbon atom, the opposite enantiomers of 12 would have led with high probability to different 1 H-NMR spectra of 3a and 3b, respectively. Racemization at C-2 had been previously observed also in 2-methyl-3-oxo-3,4-dihydro-2H-1,4-benzoxazine-2-amines. 15 However, a mechanism of racenization at C-2 of the heterocyle has not yet been clarified. An attempt to separate the diastereomers of 3b by HPLC gave two pure distereomers (3bI and 3bII) as well as an equimolar mixture of enantiomers 3bIII and 3bIV which were inactive in the immunorestoration test in mice 16, thus supporting a hypothesis that a retro-inverso modified peptide bond between L-alanine and D-glutamate moieties in this carbocyclic series of MDP analogues is not beneficial for immunostimulating activity. 
(R,S)-Benzyl methyl 2-methyl-2-[2-(methoxycarbonyl)ethyl]malonate (5b

General procedure for preparation of carboxylic acids 6a and 6b
A solution of benzyl methyl 2-alkyl malonate 5a or 5b (10.0mmol) in methanol (30 mL) was purged with argon and hydrogenated over 10 weight % of 10% palladium on charcoal at room temperature and normal pressure until the reaction was complete (ca 1 h). The solvent was removed in vacuo to give the product as a colorless viscous oil. room temperature, EtOAc (600 mL) was added and the solution was extracted wit 10% citric acid (3 x 75mL). The combined citric acid solutions were reextracted with EtOAc (5x300mL) and the combined organic phases were washed with water (3 x 300 mL), brine (3 x 300 mL), saturated NaHCO 3 solution (3 x 300 mL), water (3 x 300 mL) and again with brine (3 x 300mL). The organic solution was dried over Na 2 
(R,S)-2-[2-(Methoxycarbonyl)ethyl] monomethyl malonate (6a).
Prepared from (R,S)-benzyl
N-{(R,S)-2-[2-(Methoxycarbonyl)ethyl]-monomethylmalonyl}-D-alanine benzyl ester (7a). Prepared from (R,S)-2-[2-(methoxycarbonyl
N-{(R,S)-2-Methyl-2-[2-(methoxycarbonyl)ethyl]-monomethylmalonyl}-D-alanine (8b). N-{(R,S)-2-Methyl-2-[2-(methoxycarbonyl)ethyl]-monomethylmalonyl}-D-alanine
benzyl ester (7b) (4.0 g, 10.5 mmol) was dissolved in MeOH (100 mL), purged with argon and hydrogenated over 10% Pd/C (800 mg) at room temperature and normal pressure for 0.75 h. 
N-{(R,S)-2-[2-(Methoxycarbonyl)ethyl]-monomethylmalonyl}-D-alanine (8a). Prepared from N-{(R,S)-2-[2-(methoxycarbonyl)ethyl]-monomethylmalonyl}-D-alanine
benzyl ester (7a) (6.02 g, 16.5 mmol) as described for 7b; yield: 4.51g (100%), colorless 
Dimethyl 2-{[((1S)-1-{[(benzyloxy)carbonyl]amino}ethyl)amino]carbonyl}pentane-dioate [Z-D-Ala-Ψ (NHCO)-(R,S)-Glu(OMe) 2 ] (10a). To a stirred solution of N-{(R,S)-2-[2-(methoxycarbonyl)ethyl]-monomethylmalonyl}-D-
Dimethyl2-{[((1S)-1-{[(Benzyloxy)carbonyl]amino}ethyl)amino]carbonyl}-2-methyl pentanedioate [Z-D-Ala-Ψ (NHCO)-(R,S)-α-Me-Glu(OMe) 2 ] (10b). Prepared from N-{(R,S)-2-methyl-2-[2-(methoxycarbonyl)ethyl]-monomethylmalonyl}-
Dimethyl 2-({[(1R)-1-Aminoethyl]amino}carbonyl)pentanedioate [D-Ala-
Ψ(NHCO)-(R,S)-Glu(OMe) 2 ] (11a): Z-D-Ala-Ψ(NHCO)-(R,S)-Glu(OMe) 2 (10a).
(380 mg, 1.00 mmol) was dissolved in MeOH (40 mL) and hydrogenated for 1 h over 10% palladium on charcoal at room temperature and ambient pressure. 
Dimethyl 2-({[(1R)-1-aminoethyl]amino}carbonyl)-2-methylpentanedioate [D-ala-
Ψ(NHCO)-(R,S)-α-Me-Glu(OMe) 2 ] (11b).
Prepared from Z-D-Ala-Ψ(NHCO)-(R,S)-α-Me-Glu(OMe) 2 (10b) (394 mg, 1.00 mmol) following the procedure for the synthesis of 11a. and the combined organic phases were washed with water (3 x 50 mL), brine (3 x 50 mL), saturated NaHCO 3 solution (3 x 50 mL), water (3 x 50 mL) and again with brine (3 x 50 mL). The organic solution was dried over Na 2 SO 4 , filtered and evaporated in vacuo.
The crude product was purified by column chromatography on silica gel using Compound 3b (a mixture of 4 diastereomers) was separated by HPLC to give two pure distereomers (3bI and 3bII) as well as an equimolar mixture of enantiomers 3bIII and
